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INTRODUCTION 


The 1962 Federal Highway Act requires that transportation planning in 
metropolitan areas be carried out ona continuing basis. Thus, in the 
fall of 1966 the Montana Highway Commission began work on updating 
the previously prepared transportation plan in Billings. The Commission 
felt that the long-range plan should also contain recommendations on 
improvements that can be quickly implemented resulting in immediate 
benefits to the traveling public. The study of traffic signal control was 
then made part of the transportation planning program. The firm of Clark, 
Coleman and Rupeiks, Inc. was retained to carry out the technical phases 


of the update and prepare a transportation plan. 


The objective of the traffic signal study is to identify and outline the 

improvements necessary to provide an improved level of traffic service, 
provide greater safety and reduce system maintenance costs. Any sys- 
tem improvements, of course, will conform to the national standards of 


uniformity. 


The report has been structured in three distinct sections. One section 
describes the existing signal system and inventories the equipment. The 
national standards are discussed and the current signal installations are 
evaluated in light of these standards. The second section describes the 
currently needed improvements in the signal system. It recommends 
standardization of design, equipment and maintenance procedures. The 
type of control system most suited for the Central Business District and 
on radial arterials will be discussed. In section three the complex inter- 


sections are given individual treatment. 


The fast rate of change in traffic safety standards, acceptance of more 


stringent traffic flow regulations and improvement in electronic technology 
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make long-range planning for signal improvement somewhat ineffective. 
Review of operational problems must be made on a continuous basis as 
the City develops and requires the services of a full-time Traffic Engi- 
neer to study se changing traffic needs, as the dynamics of the traffic 
system are influenced by new parking facilities, industrial and com- 
mercial development. Recommendations in this report are based upon 
the current operational problems together with known trends of develop- 


ment for the immediate future traffic needs. 
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CHAPTER I 
PRESENT SYSTEM 


Improvement of traffic signal systems in Billings and most other urban 
areas is a continuing process. Some installations and equipment are 
new and effective, while others are obsolete and hazardous to proper 
traffic safety. Before any recommendations can be made, the effective- 
ness of the current systems and equipment must be evaluated. The 
evaluation of each installation was made on the basis of nationally 


and locally accepted standards. 
INVENTORY 


The signal study in Billings may well begin with an inventory of equip- 
ment and installations, Each intersection was field surveyed and photo- 
graphs were taken of each intersection and of each controller. This in- 
ventory is included as a separate document to be used as a working tool 


for operational planning and records. 


Equipment 


The equipment inventory includes the mounting type, controller type, 


signal head placement, signal timing and other pertinent information. 


Analysis of the 59 signalized intersections indicates that the most pre- 
dominant type of signal head mounting is of the diagonal span wire type, 
found at 38 intersections. Four intersections havea "box" type span 
wire signal head mounting. Fourteen signalized intersections have the 


mast arm. Table A lists the number of intersections by mounting type. 


A summary of Controller Type by intersections is shown in Table B. Fifty- 


one of the 59 intersections investigated are controlled by fixed time traffic 
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TABLE A 


INTERSECTION CLASSIFICATION BY MOUNTING TYPE 


Mounting Type Number of Intersections 
Diagonal Span Wire 38 
Box Span Wire 4 
Mast Arm 14 
Combination 3 

TOTAL 59 


TABLE B 


INTERSECTION CLASSIFICATION BY CONTROLLER TYPE 


GS-4 GS-95 KS- 1 To~) PCN- 100 Econ F Semi-Actuated 


36 1 2 3 15 sh 54 
40 4 7 8 17 53 57 
41 5 9 22 18 58 
42 10 18 31 19 59 
43 12 23 50 20 60 
“AT 13 37 21 
55 14 44 24 
ik AG ais 
28 A8 26 
29 i) ae 27 
30 
32 
33 
34 
35 
39 
7 16 10 5 10 2 5 


49 Crouse-Hinds 
2 Econolite 
_4 Automatic signal 


95* 


* 
Does not include four flashing beacons 
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gignalcontrollers. Five of the fixed time controllers are three-dial, 
expansible type, capable of coordination into a flexible progressive 
system. Forty-eight of the 55 intersections are controlled by Crouse- 
Hinds fixed time equipment. Four intersections installed by the Mon- 
tana Highway Department on Highway U. S. 10 in northeastern Billings 
and the intersection at Grand Avenue and 15th Street West are of actu- 


ated type. These four are solid state semi-actuated controls. 


System 


For purposes of this study, a signal system shall be defined as two or © 
more adjacent intersections where progressive traffic movement is ob- 
tained. There are five signal systems presently in operation in the 
Study Area. These are: the Central system, the First Avenue system, 
Division system, 6th Street West system and U.S. Highway 10 and 12 


system. 


The Central system includes those signals from Montana Avenue through 
Sixth Avenue North including all streets from North 27th Street to North 
32nd Street, plus two intersections on First Avenue North at North 25th 
Street and North 26th Street for a total of 27 intersections. The system 
operates as a double alternate with the intersections on Montana Avenue 
at North 27th, 28th and 29th Streets and the intersections on Fourth Ave- 
nue North and Sixth Avenue North at North 27th, 28th, 29th and 30th 
Streets all coordinated manually to operate with the CBD interconnected 
system. Interconnect cable was installed during the recent widening of 
North 27th Street which will tie the intersections on North 27th Street at 
Fourth Avenue North and Sixth Avenue North into the CBD interconnected 


system. 


The First Avenue South system is cable interconnected and consists of the 
three intersections on First Avenue South at South 27th, 28th and 29th 


Streets. This system operates simultaneously. 


-6- 


-souli 016 arellovace Silt bexit oda to 9. 
poig oidixell 6 oint nolsenlbioes 40 pret 1v 

id bellovinos sis enoloeesreial 2 edéao idpio~ . 
‘d belinteni enoliosetsini wot inemgliope omit ba 


esoniion ai OL .8 .U yewtpll fo insnitisqed Ye ie 


= 


r » 3 


B lzoW JosTi? Mer bas ourtevA bisid t6 notte eredal $i 


7 
Ms 7 


si sujos-ime: siefa bifae eis wot sent : ys 


noiey@ isdple 6 ,vbuide eidt jo eeeourie 
SViczs IRON Siedw gnolices1oiat Inepsibss 
Gq esetaye fsapte evil ex6 ovat f 


.meizye isviaad edd sew; eeedT 597A, vt 


O16 moteys JasW jsenvse ia _moseya nok 


| neon) esbuloni motaye tetas oF 

ion woove is paibylont dnovt sunova Af 
2) 10 anoijoesmwini ow) eulq sous: ; 
'S jo, Isto! B01 Jeon? H9aS_Ahow bre ae 
inti oft dilw stemeiis eiduob 6 #8 seams 
®» alenwe Ai@S bane 38S , Ast 


. tno ta dio eusevA dxcde-bae dae A 

) 303 © lw otergo of. yileunem boisntbioes Ifs ‘ii 
203 vabwb belelent eew eftiso Josanon weal. 

‘so (Lott mo sHonosawinl € 67 siz iliw dow oeT8 ASS + 8 
Lt ad? opal dno ouneyh nis bas trod euenielell 


> - = 
ee 
. 


= i 


e 
<3 


nou bin hadonperooeanth mites wl nro a un oe ‘ 
io M88 ,0IXS Miyee t5 ae wae 


vw woes 


The Division Street system consists of the intersections of Division Street 
with Montana Avenue, Broadwater Avenue and First Avenue North. All 
intersections are controlled by a single master unit located just south of 
Broadwater Avenue. Three cycle lengths are available: 60 second, 70 
second and 80 second, with the intersection of Montana and Division oper- 
ating with two phases and the intersection of Division, Broadwater and First 


Avenue North requiring three phase operation. The progression is simultaneous. 


The Sixth Street system provides progression between the two intersections 
of Sixth Street West at Central and State Avenues which are separated by 
approximately 700 feet. The signal at State Street operates two phase with 
leading green left turn arrows north-south and east-west. The signal at 
Central Avenue operates three phase. The present progression is direc- 


tional, 


The U.S. Highway 10 and 12 system consists of four interconnected semi- 
actuated traffic controls at the intersections of Main Street (U.S. Highway 
10 and 12) at Sixth Avenue North, Montana Highway 318, Lake Elmo Road 
and Milton Road. Uninterrupted flow is maintained on Main Street unless 
a vehicle arrives on one of the side streets or a pedestrian activates the 


controller to cross Main Street, 


NATIONAL STANDARDS 


The national minimum standards for Traffic Signals are provided for in the 
"Manual of Uniform Traffic Control Devices for Streets and Highways," 
published by the U. S. Department of Commerce, Bureau of Public Roads, 
1961. This manual is currently under revision by the "National Joint Com- 
mittee on Uniform Traffic Control Devices." Review of drafts of the pro- 
posed revisions indicate that although many refinements will be forth- 


coming, the basic concept remains unchanged from the 1961 manual. 


Because of the increasing range of traffic circulation in an affluent society, 


the importance of national standardization of those features of traffic 
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signals that affect public participation in traffic movement must not be 
overlooked. Location of signal faces and sequence of operations are basic 
requirements. Signals must be placed where the driver cannot miss seeing 


them. 
The basic requirements are listed below: 


A. Number of Signal Faces | 
There shall be a minimum of two vehicular signal faces visible to 
traffic on each approach to a signalized intersection. 

B. Location of Signal Faces , 

The location of signal faces for each direction of approaching 

traffic shall be as follows: . 

1. Where all signal faces are post- or pedestal-mounted there 
shall be at least two on the far side of the intersection. 

2. Where there is only one post- or pedestal-mounted signal 
face, it shall be on the far side, and there shall also be a 
mast-arm or span-wire mounted signal face for that approach. 

3. Where visibility or other conditions require more than one 
span-wire or mast-arm signal, at least one of the overhead 
Signal faces shall be in line with the approach it controls. 
Signal faces shall be located so as to give drivers and pedes- 
trians a clear and unmistakable indication of the right-of-way 
assignment from their normal positions on the approaches and 


as they enter or pass through the intersection area. 


The requirement of "two properly located signal faces per direction” is of 
major importance in assuring that indications are always visible to the 
motorist. Many times the presence of a truck in the traffic stream can 
block the signal vision of subsequent motorists; however, the truck will 
rarely block the vision of two properly located signal faces. The double 
indication is also protection against possible lamp burn out. Seldom 


would both indications burn out simultaneously. These factors are 
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extremely important in this age of increasing public liability. If placement 
and number of indications are substandard, the City could be subject to 
defending its reasons for maintaining the system below a recognized mini- 


mum level of safety. 


DEFICIENCIES 


The inventory of signalized intersections indicated that 38 of the 59 intere 
sections were below national standards. The designs to upgrade existing 
locations are beyond the scope of this study, but would require maj or mod- 
ification of the 38 substandard locations. One hundred and thirty-six addi- 
tional signal faces are required, a 45 percent increase over the present 


number of 303. 


The magnitude of the deficiency of traffic signal faces indicates that stand- 
ardization of design should be undertake@mboth in an effort to maintain con- 
sistency within the City and also in reducing the cost of installations. 
Table C lists the deficiencies in mounting and in the number of vehicular 


and pedestrian signal heads. 


As a general policy pedestrian indications should be installed with all 
traffic actuated equipment where pedestrians are present. If this is not 
done, the equipment has to be so timed to lose much of its flexibility. 
In addition to actuated signals, it is also common practice to install 
pedestrian signals at signalized intersections used for school crossings 
where children will be inclined to start to cross on the green with inade- 


quate time to complete the crossing prior to the signal changing. 


Pedestrian signal indications are advisable at uncommonly wide intersec- 
tions where a pedestrian leaving the curb during the latter part of the green 

is likely to be trapped in the traveled roadway when the light changes. The 
use of pedestrian signal indications in central business areas is recommended 
as a means of controlling pedestrian traffic so that stragglers will not con- 


tinue to cross the street during the red indication. This is most important 
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Intersection 
Number 


1 


2 


13 


14 


COMPARISON OF EXISTING SIGNAL INSTALLATIONS WITH NATIONAL STANDARDS 
Manual on Uniform Traffic Control Devices, 1961 


Intersection 
Location 


27th St. N. & 9th Ave. N. 


6th Ave. N. 


Division at Grand & 6th Ave. N. 


& N. 27th St. 


N. 29th St. & 6th Ave. N. 


& N. 28th St. 


Ave. C and N. 32nd St. 


6th Ave. N. 


4th Ave. N. 


4th Ave. N. 
Ath Avo. N. 


4th Ave. N. 


| 4th Ave. N. 


4th Ave. N. 


3rd Ave. N. 


& N. 19th St. 


& Division St. 


& N. 32nd St. 
& N. 30th St. 


& N. 29th St. 


& N. 28th St. 


& N. 27th St. 


& N. 30th St. 


Type of 
Mounting 


p.w.} 


D.W. 


D.W. 


D.W. 


Uniform Standards 


Yes 


TABLE C | 


Meets 


X avi 
X 4V 
xX  6V10P° 
X 4V 
ig 4V 
X 3V 
X 4V 
8V8P 
X 4V 
x AV 
X  4V8P 
X  4V8P 
X 4V 
X 4V 


may e 


8V 


8V8P 


-10V10P 


8V 


8V 


3V 


8V 


8V8P 


8V 


BV 


8V8P 


8V8P 


8V8P 


8V8P 


Number of Signal Faces 
No Existing Min. Req. 


Deficiency 
4V 


4V8P 
4V8P 


4V 


4V 


4V 


4V 
AV 


4V 
B.W. 


4V 
B.W. 


4v8P 


4V8P 


Remarks 
4 M.A. Luminaires 


4 M.A. Luminaires 
Heads not centered 


8 Pedestrian signals 
are 9" round non-std, 30 


B.W. Lane Use Signs, N.S. 
B.W. Lane Use Signs, N.S. 


Replace blazing beacon with 
flashing amber beacon 


No luminaires 
M.A. Lane use signs 


4 M.A. Luminaires 


4 M.A. Luminaires 
Lane Use Sign N. S. 


New luminaires 
Lane use signs N.S. 


New luminaires 


New luminaires 
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Meets 


Intersection Intersection Type of Uniform Standards Number of Signal Faces 
Number Location _ Mounting Yes No Existing Min. Req. Deficiency Remarks 
5 am 3rd Ave. N. & N. 29th St. M.A. X 8V8P : > BV8P _ Luminaire set on M.A. 
: signal pole 
16 3rd Ave. N. & N. 28th St. M.A. ) X ‘4vVeP . BV8P ss AV New luminaires 
B.W. Lane use signs N.S.E.W. 
17 3rd Ave. N. & N. 27th St. D.W. a X 4V8P + 8V8P 4V New luminaires 
| B.W. Lane use signs E.W. 
18 2nd Ave. N. & N. 30th St. DwWe | x 4Vv BV is aye & New luminaires 
19 2nd Ave. N. & N. 29th St. UMA AG x 8V8P sveP New luminaires 
B.W. Lane use sign N.S.E.W. 
20 2nd Ave. N. & N. 28th St. M.A. xX 8V8P 8V8P _ New luminaires 
; B.W. Lane use sign N.S.E.W. 
a | 2nd Ave. N. & N. 27th St. M.A. X 4V8P ——8V8P 4V New luminaires 
B.W. Lane use signs E.W. 
22 lst Ave. N. & Division St. | 
31 Montana Ave. & Division St. D.W. X 9V 14V8P oV8P Complex geometrics 
50 Broadwater Ave. & Division St. 
23 lst Ave. N. & N. 32nd St. D.W. ATS 3 4V 8V. . 4V. New luminaires 
4 lst Ave. N. & N. 30th St. M.A. X 8V 8V New luminaires 
25 lst Ave. N. & N. 29th St. Mung a ieee: V8 sVeP - . New luminaires 
B.W. Lane use signs N.S. 
26 lst Ave. N. & N. 28th St. M.A. Xx : 8V8P 8V8P - New luminaires 
| B.W. Lane use signs N.S. 
27 lst Ave. N. & N. 27th St. Mine t X 4V8P 8V8P 4V New luminaires 
28 ist Ave. N. & N. 26th St. D.W. X  4V8P 8V8P 4V Now luminsitas 
29 lst Ave. N. & N. 25th St. D.W. | es 4V BV OO oay New luminaires 
30 lst Ave. N. & N. 13th St. © D.W. & M.A. xX . AV BY i> 3V NB-RB Arrow - 
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Intersection 
Number 


31 


32 


33 


34 


35 


36 


37 


38 
39 
40 


41 


42: 
43 
44 
45 
46 


47 


Intersection 
Location 


Montana Ave. & Division St. 


Montana Ra! ‘& N. 29th St. 
Montana Ave. & N. 28th St. 
ee Ave. & N. 27th St. 
lst Ave. S. & S. 29th St. 
lst Ave. S. & S. 28th St. 
Ist Ave. S. & S. 27th St. 


Rimrock Rd. & 13th St. W. 
Poly Drive & Virginia Lane 
Grand Ave. & 17th St. W. 


Grand Ave. & 16th St. W. 


Grand Ave. & 13th St. W. 
Grand Ave. & 8th St. W. 
Grand Ave. & Virginia Lane 
Lewis Ave. & 24th St. W. 


Lewis Ave. & Sth St. W. 


Broadwater Ave. & 16th St. W. 


Type of 
Mounting 


Meets 


Uniform Standards 


Yes 


No Existing Min. Req. 
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Number of Signal Faces 


4V 


AV , 


4V 


i ge 


4V 


4V 


ov 


oy, 


8V 


6V 


8V 


8V 


4V 


4V 


4V 


4vV 


8V 


8V 


8V 


8V 


8V 


8V 


2V 
10V 
EV 


6V8P 


8V8P_ 


8V8P 


8V8P 


4V 


8V 


8V 


Deficiency 


4V 


4V. 


4V 


4V 


4V 


8P 


8P 
8P 


* 4V8P 


4V 


4V 


Remarks 
See #22 


New luminaires 
B.W. Lane use signs N.S.E.W. 


New luminaires 
B.W. Lane use signs N.S.E.W. 


New luminaires 
B.W. Lane use signs E.W. 


New luminaires 
B.W. Lane use signs N.S. 


New luminaires 
B.W. Lane use signs N.S. 


New luminaires 
B.W. Lane use signs N.S. 


Amber flasher 
Complex geometrics 
Signal heads too close together 


Signal heads too close together 
B.W. Lane use signs S. leg 


Slight jog in intersection, N.S. 
Signal heads too close together 
Jog N.S. 


Red-amber flasher 


8 88. 
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Intersection 
Number 


48 


49 


50 


Sl 


52 


33 


54 


Ys) 


36 


57 


58 


59 


60 


Remarks: 
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Intersection 
Location 


Broadwater Ave. & 8th St. W. 
Broadwater Ave. & Sth St. W. 
Broadwater Ave. & Division St. 


Central Ave. & 6th St. W. 


Minnesota Ave. & 6th St. W. 
Grand Ave. & 15th St. W. 

6th Ave. N. & N. 30th St. 
U.S. 10-12 & U. S. 87E 
Main St. & 6th Ave. N. 

Main St. & Montana Hwy. 318 
Main St. & Lake Elmo Road 


Main St. & Milton Road 


D.W. - Diagonal Wire 
B.W. - Box Wire 
M.A. - Mast Arm 
4V - Four Vehicular Signal Heads 
10P - Ten Pedestrian Signal Heads 


’ Type of 
Mounting 


D.W. 


B.W. 


B.W. 


B.W. 
M.A. 
D.W. 
M.A. 
M.A. 
M.A. 
M.A. &B.W. 


M A. 


Uniform Standards 


Yes 


we xe MxM x OM 


Meets 


X 4V 


8V8P 


8V4P 
Removed 
8V4P 
-8V8P 

x 4V 
1V 

6V 

8V 

9V 


6V4P 


Peg hye 


~ BV 


8V8P 


8V4P 


8V4P 

8V8P 
8V 
1V 
8V 
6v 
8V 


6V 


Number of Signal Faces 
No. Existing Min. Req. 


Deficiency 


4V 


4V 


Remarks 


See +22 


Flag one way 


‘B.W. Lane use S. leg 


Flashing beacon 
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in an area where many distractions and conflicts confront the motorist. 
Police enforcement is generally needed to assist in educating the pedes- 


trians to ensure that they understand the meaning of the signals. 


Pedestrian signal timing and indications are the least understood of all 
traffic control devices as they appear unreasonable to many pedestrians. 
However, without such controls the straggling pedestrian presents an 
accident potential and reduces the capacity of the critical urban inter- 
sections. Warrants for Pedestrian Signals are given under Section 3F-2 


of the Manual of Uniform Traffic Control Devices as follows: 


Pedestrian signals shall be installed in conjunction with vehicular 
traffic signals already meeting one or more of the minimum war- 
rants previously set forth for pre-timed or traffic-actuated signals, 
under any of the following conditions: 

ho When a traffic signal is installed under the pedestrian volume 
warrant. 

2. When pedestrians and vehicles move during the same phase 
and properly adjusted pedestrian clearance intervals are 
needed to minimize vehicle-pedestrian conflicts. 

3. When an exclusive phase is provided or made available for 
pedestrian movement in one or more directions, all vehicles 
being stopped. 

4, When heavy vehicular turning movements require a semi-exclu- 
sive pedestrian phase for the protection and convenience of the 
pedestrian, 

5. When pedestrian movement on one side of an intersection is 
permissible while through vehicular traffic is stopped to pro- 
tect a vehicular turning movement on the other side of the 
intersection. 

6. When an intersection is so large and complicated or a street 
so wide that vehicular signals would not adequately serve 


pedestrians. 
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fs When the minimum green intervals for vehicles at intersections 
with traffic-actuated controls is less than the minimum cross- 
ing time for pedestrians and equipment is provided which extends 
the vehicular green time upon pedestrian actuation. 

8. When multi-phase or split-phase timing would tend to confuse 
pedestrians guided only by vehicle signal indications. 

hy: When pedestrians cross only part of the street, to or from an 


island, during a particular phase. 


A planned program is needed to upgrade the pedestrian control and should 


be conducted in regard to a priority of need. 


Of the 142 pedestrian signals, 134 meet present standards. Twenty-four 
of the 55 signalized intersections were considered to have sufficient 
pedestrian traffic to require more detailed evaluation for the pedestrian 
warrants listed under Section 3F-2 of the "Manual on Uniform Traffic 
Control Devices for Streets and Highways." Seven variables were given 
consideration in determining priorities for pedestrian signal indications. 
These were: 

ile Pedestrian volume 

Vehicle volume 


Vehicle speeds 


Z 

3 

4, Street width | 
= Visibility of existing signal heads 
6 Complexity of intersection 

7 


; Adjacent land use 


The twenty-four intersections are listed in Table D by order or priority 


as determined by this evaluation, 


The intersections which have the top five priorities are listed in Table D 
as deficient. There are eight intersections in this group for a deficiency 
of 64 pedestrian signal indications. This represents a 46 percent increase 


over the present system. 
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TABLE D 
PEDESTRIAN SIGNAL INDICATIONS PRIORITIES ON 24 INTERSECTIONS 


Intersection Priority 
lst Avenue N. - Division Street 1 
Grand Avenue - 8th Street W. 
Grand Avenue - Virginia Lane 
N. 27th Street - 4th Avenue N. 
N. 27th Street - 6th Avenue N. 
Grand Avenue - 13th Street W. 
Grand Avenue - 16th Street W. 
N. 27th Street - lst Avenue S. 
N. 28th Street - 6th Avenue N. 
N. 29th Street - 6th Avenue N. 
N. 30th Street - 4th Avenue N. 
S. 29th Street - Ist Avenue S. 
Grand Avenue - 17th Street W. 
. 28th Street - lst Avenue S. 
. 27th Street - Montana Avenue 


. 28th Street - Montana Avenue 


S 
N 
N 
N. 29th Street - Montana Avenue 
N. 30th Street - 3rd Avenue North 
N. 27th Street - 9th Avenue N. 

N. 30th Street - 6th Avenue N. 
Broadwater Avenue - 16th Street W. 
N. 25th Street - lst Avenue N. 


N. 30th Street - 2nd Avenue N. 
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N. 32nd Street - 4th Avenue N. 
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CHAPTER II 


PRESENTLY NEEDED IMPROVEMENTS 


Certain needed improvements in the signal system should be carried out 
immediately to benefit the traveling public. Improvements in the signal 


system, as well as in individual locations, will be discussed. 
STAN DARDS 


The orderly and efficient installation of a city-wide traffic signal system 
calls for basic guidelines to be followed. The amount of engineering re- 
quired for a signal installation can be reduced to a ane minimum if "stand- 
ard plans" and "General Specifications" for Traffic Signals and Highway 
Lighting Systems are adopted. Initial design costs are reduced, as are 
construction costs when contractors and construction crews are provided 
with a uniform type of installation. The uniformity produced also assures 


both motorist and pedestrian of the safest possible system. 


Design and Equipment 


The specific type of signal mounting to become the standard should be de- 
cided at the time of specification adoption. The three basic choices ap- 


proved by the "Manual on Uniform Traffic Control Devices" are "post 


mounted," "span wire" and "mast arm." The "post mounted" signals are 
placed on the far side of the intersection. View of this type can be blocked 
by large vehicles. The "span wire" signals require overhead wires that may 
cause Clearance problems for oversize loads. The signal heads are also less 
stable in high winds. The "mast arm" installation provides both a high indi- 
cation for unobscured vision and a low indication for easy vision from the 

stop line. All signal heads may be rigidly fixed and provided with back plates 
to shield sun glare, advertising light, etc. The mast arm type is recommended 


for adoption as a standard and incorporated wherever possible into combination 
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poles with street lighting. Standard equipment should be selected and the 
contracts for modernization written to exclude brands for which additional 


Spare parts must be purchased. 


In summary, standard plans and specifications are necessary to establish 
high standards of quality and performance that will guide contractors and 
suppliers doing business with the City. Figures 1, 2 and 3 show the re- 


commended standard signal installation. 
Records and Maintenance 


Adequate records and maintenance systems are required to assure efficient 
continued functioning of the signal system, to provide data for equipment 
performance evaluation and to protect the City from claims of negligence, 
Office records should consist of a file of construction plans for all signal- 
ized intersections and any modifications, current signal timing data includ- 
ing equipment type, phasing, interval timing, offset, date of change and 
authorization of the timing; and previous timing data, including installa- 
tion and removal dates. This last item is important for court testimony in 


accident cases. Figure 4 indicates a good type of record file card. 


Shop records should include current plans and timing records, and records 
on all phases of cleaning, maintaining, painting and repairing. These 
records tell of the efficiency of the equipment and could also be needed 


for court testimony. 


Records in the control cabinet at the intersection may be kept in waterproof 
containers and should consist of current signal timing and the wiring plan 


if unusual phasing or connections are required. 


Preventive maintenance is a requirement of a traffic control system, and 
some manufacturers recommend at least a yearly schedule. Properly de- 
signed plug in or jack mounted equipment can be replaced by components 


during routine maintenance or in the event that emergency repair is necessary. 
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(1) For curb radius of 15' or less 
use 45° 
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"WALK"- "DONT WALK" and 

the post mounted vehicular head 
louvered. | 
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Signal lamps should be replaced on a systematic basis to avoid repeated 
trips to an intersection. Maintenance records should be able to yield the 


life expectancy of the various lamps. 


Signal lenses should be cleaned at least twice a year and whenever lamps 
are replaced, according to the manufacturer's instructions regarding clean- 
ing. The diffusion of light caused by dust on the lens, lamp and reflector 


may appreciably reduce both light output and overall efficiency. 


Painted signal heads, brackets, poles, posts, control pedestals, cabinets 
and Sona ts above ground should be repainted every two years or as often 
as necessary to maintain good appearance and prevent corrosion of the 
equipment: In general, standard colors should be chosen. Where heat is 
a problem, cabinets should be painted white or silver. Signal poles are an 
important part of the control unit and to assure contrast, highway yellow is 
recommended. Poles located in areas exposed to traffic should also be 


banded with a reflectorized sheeting. 


The City of Billings has kept maintenance records on the signal system since 
1962. These Woack , which are maintained by the city electrician, list the 
controller type, location, and any services or repairs. There is also an 
established service and repair program. All controllers are br ought in for 
service or preventive maintenance a minimum of once a year. Signal lamps 
are replaced annually and at the time the lenses and reflectors are cleaned, 
Signal heads, poles and cabinets are painted a standard color as often as 


necessary and are maintained to present a good appearance, 


The currently initiated system of keeping a maintenance file card for each 
Signalized intersection should be continued with sufficient information to 
describe all malfunctions corrected, or maintenance performed and to in- 
clude date performed. Signal lamp burn out replacements and damaged sig- 


nals repaired should also be recorded here so that a check of a single file 
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can be made to provide information regarding law suits against the City 
claiming signal malfunction or to determine any trends in malfunctions. - 
Records of any and all signal timing changes should be kept both for legal 
and engineering analysis purposes. In general, the maintenance of signal 


equipment in the field has been excellent. 


SYSTEM PROPOSALS 


In general, all traffic signals within one-quarter of a mile of each other 
and controlling the same traffic should be coordinated. Considerable suc- 
cess has been achieved in coordinating signals with up to one-half mile 
spacing under relatively free flowing traffic conditions. The efficiency of 
any system is limited by the proximity of adjacent signals, street width, 
complicated intersections, desired travel speed, requirements for two 


directional operation, pedestrian conflicts, parking and many other factors. 


Analysis indicates that all but three of the City's signals fall within one- 
half mile of the next adjacent signal. Expansion will probably bring these 


three within this limit in the near future. 


It is proposed that the City plan for a total system wherein the time rela- 
tionships between any two signals in the City may be determined. Traffic 
necessity, financial capability and availability of construction personnel 


will determine the staging and completion of the total system. 


Basically there will be a need for aCentral system to control the Central 
Business District, a radial system to control the western area, and iso-. 


lated systems to control minor groups of signals. 


Central Business District 


The Central system should control all signals to be coordinated in the old 
street system, i.e., those streets which run parallel and perpendicular to 
the railroad tracks. The new "Central system" would encompass the pre- 


viously described Central and the First Avenue systems. 
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The following parameters are common to the central area: 
1. Standard street spacing of 380' per block | 
. Speed limit 25 m.p.h. (with minor exceptions) 
Street widths in the vicinity of 50 feet 


2 
3 
4, Relatively high turning movements and pedestrian conflicts 
5. Curb parking exists 

6 


. Two-way streets 


Speeds of 20 m.p.h. are desirable and acceptable in a Central Business 
District. Under ideal conditions, with the 380 foot street spacing, traffic 
signals would turn green 13 seconds after the preceding signal for perfect 
progression and a motorist could drive the length of the signal system at 
20 m.p.h. In actual practice, however, speed and delay of the driver is 
normally not governed by the signal operation but rather by the amount of 
interference encountered. On the four lane streets, the driver has the 
option of changing to the center lane to bypass parking maneuvers, but 
the center lane may be blocked by left turning movements which must wait 
for all opposing traffic to clear with the exception of First Avenue North 
where left turns are prohibited. The use of exclusive protected turning 
movements and exclusive protected pedestrian intervals are effective only 
where through traffic movements are light and can be penalized for the 
benefit of other traffic. A Central Area signal system must take all these 


variables into account and make adjustments for changing conditions, 


In general, there are only four types of progressive signal systems. Each 


type, briefly described below, has specific advantages and disadvantages: 


1. Simultaneous: All signals along a given street display green 
at approximately the same time, 

2. Alternate: All signals along a given street display alternate 
indications, 

3. Simple progressive: All signals along a given street display 
the green indication at a pre-determined time.interval to allow 


a designated speed. 
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4, Flexible progressive: A system which changes from one simple 
progressive system to another with changing traffic demand. 
The choice between alternatives is an administrative decision which will 
have to made by City government. The first fact which must be recogized 
is that closely spaced signalized intersections cannot be timed for per- 


fect progression in both directions, 


The first policy decision is whether the Central Business District will remain 
with all two-way streets. Perfect progression can be obtained with a one- 
way grid system with continuous speeds in the range of 20 mph. Nearly 

all major cities have been forced to adopt one-way systems both to avoid 
congestion and to maintain some on-street parking. The one-way system 

is undeniably the safest and most efficient use of Central Business Dis- 
trict streets in moving traffic. Among the western cities using a one-way 
grid in the central city are Albuquerque, Phoenix, Tucson, San Diego, 


Los Angeles, San Francisco, Portland, Tacoma, Seattle, Spokane and Boise, 


If a two-way system is to be retained, three basic choices of signal timing 


are one-way progression, double alternate and simultaneous. 


The one-way progression system is timed for perfect progression with each 


alternate parallel street having progression only ina single direction, for 


example: 

Streets progressed Eastbound Streets progressed Westbound 
4th Avenue North 6th Avenue North 
2nd Avenue North 3rd Avenue North 
Montana West lst Avenue North 

Streets progressed Northbound Streets progressed Southbound 
32nd Street 33rd Street 
30th Street 31st Street 
28th Street 29th Street 
26th Street 27th Street 


The advantages of this system are that if no conflict is encountered with 

parking or turning vehicles, a motorist traveling in the progressed direction 
can make every light in the system if he travels at the speed of progression, 
The traffic signals will effectively control speed as motorists exceeding the 


progression speed will arrive at the next intersection on the red indication. 
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Motorists traveling in the direction opposite progression will have to stop 


at each and every signal. 


The double alternate system is basically the system now in use. Although 
this method allows for progression in both direcitons , the green time must 
be shared by both directions of travel. Some improvement can be made by 
transferring time from the cross street to the main street. This can be done 


advantageously only if the cross street is not already experiencing congestion. 


As traffic volumes continue to increase, the double alternate system of pro- 
gression will break down. Vehicles will queue up at the signals and turn- 


ing movements will further restrict the movement of through vehicles. 


A degree of speed control is provided by this method of operation during off 
peak time, but during peak traffic periods, satisfactory traffic flow cannot 
be achieved. Under all traffic conditions, the one-way street system has 


a distinct advantage. 


Under the simultaneous system all signals along a given street turn green 
at essentially the same time; therefore, a longer signal cycle is normally 
required to allow the motorist to make more than two traffic signals without 
stopping. Longer cycles in many cases increase the delay to circulating 
traffic and unless enforcement is good, pedestrians may ignore the signals 
due to the long wait required. This type of system offers no speed control 


and its use should normally be limited to peak hour traffic conditions. 


A one-way street system and signal timing will give the most efficient 
traffic movement. If the two-way system is to remain,the double alternate 
with parking restrictions during the hours of congestion would provide the 


next best solution, with possibly a simultaneous system during peak hours. 


The twotypes of equipment available are "fixed time" controllers and 
"traffic actuated." Both types would be pre-programmed with one or more 


of the previously mentioned timing systems. The fixed time controller will 
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always give the same length of green time to each street every cycle until 
a Change in system is called for. It may be desirable to have three or more 
systems programmed for use. These would normally be a morning system, 
an evening system and an average system. These systems may be automati- 
cally called for by a time clock or may be set manually. Up to nine systems 


can be programmed with standard expansible controllers. 


The traffic actuated system operates in a similar manner, except that it may 
be "traffic adjusted," i.e., instead of a system being called for by a time 
clock, it may be automatically called for by the volume of traffic on the 
street. If traffic actuated intersection controllers are used, the amount of 
green indication for each approach to an intersection may vary from cycle 
to cycle depending upon the detection or non-detection of traffic. If no 
traffic is approaching on a minor street, the indication will remain green 


for the main street. 


The advantages of the fixed time system are its consistency, lower cost 
and simpler maintenance. A failure in the system is easier to detect and 


initial installation is less involved. 


The advantages of the traffic actuated system are that the system is re- 
sponsive to traffic demands and, with proper timing, will not interrupt the 
major traffic flow any longer than necessary. The disadvantages are the 
higher costs associated with more sophisticated equipment and installation, 
the greater amount of Beeien and location work required for traffic detection 
and the greater skill required to properly operate, adjust and maintain the 


system, 


A 3 dial - 3 offset fixed time system is recommended to control the CBD 
system, Only two dials need be purchased initially, It is recommended 
that for immediate improvement in the system that the one-way street system 
shown in Figure 5 be installed. This system will allow the maximum effi- 
ciency using existing signal equipment. Some additional gain in efficiency 
could be expected when the intersection traffic controllers can be moder- 
nized to expansible equipment. 
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This eae pattern is compatible with the 1990 arieral street system 
which proposed two one-way couplets: North 27th Street southbound - | 
North 25th Street northbound, and Montana Avenue eastbound - First Avenue 
North westbound. This one-way system is necessary to accommodate the 
traffic volumes which will be generated by the Central Business District as 
demonstrated by the 1990 traffic assignments. The current building line pre- 
cludes widening to accommodate the traffic volumes on a two-way street. 
Reversible lanes are not practical due to the nearly balanced traffic split. 
The interim one-way system shown in Figure 5 extends only from Sixth 
Avenue North through Montana Avenue and temporarily uses North 26th 
Street as the northbound connection rather than North 25th Street. When 
North 25th Street is developed as a one-way street and tied back into North 
27th Street in the vicinity of the Canal (Poly Drive) then one-way operation 
on North 27th Street could be extended and the northbound one-way moved 
from North 26th Street to North 25th Street. North 26th Street would then 


become a two-way street. See Figure 6. 


From a purely traffic operation and initial cost standpoint, the north-south 
pair should be North 27th Street northbound and North 28th Street (Broadway) 
southbound, as this connection leads directly into the area being served 
and the terminal connections are much easier to make. On the north, a 
connection could be made in the vicinity of Poly Drive; on the south, 28th 
already crosses the railroad. The other advantage of this couplet is that 
the alternate streets are opposite directions ‘and traffic progression could 
be maintained. With the 27th-25th couplet, progression will have to be 
broken. The decision to locate the one-way couplet on 27th-25th was based 
upon the desire to keep any through traffic off North 28th Street (Broadway). 
The location of the Athletic Field precludes the use of 26th unless the 
northbound traffic were brought back to North 27th Street south of Ninth 
Avenue North. 


The one-way grid has been expanded from these two one-way couplets to 
the adjacent streets in order to allow a reasonable traffic circulation and 
progression pattern. Parts of Fourth Avenue North and Division Street have 
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been left two-way to allow better circulation and access to Lewis Avenue 
and streets west of Division. Future traffic volumes may require extension 
of the one-way system, especially to the east where high traffic volumes 


are expected from the Highway 10 corridor. 


Table E shows the typical offset pattern for a 50-second cycle which should 
be used to allow speeds in the range of 15 to 20 m.p.h. The progression 
speed is 21 m.p.h.; however, due to circulation traffic an operation speed 


of somewhat less can be expected. 


Figure 7 shows the typical progression for the system. Only Sixth Avenue 


North and First Avenue South would differ from this. 


If the one-way system is not installed, little improvement from the existing 
double alternate system can be expected as this system is the best for two- 
way operation. Figure.8 shows existing progression. Some adjustment 
could possibly be made by increasing the Ba etowest signal split by ten 
percent at all intersections except those on North 27th Street (Figure 9), 

as the north-south traffic volume is somewhat higher at this location. As 
with any operational change, the proof of the efficiency must be checked 
on the street. It is possible that a change of fifteen percent which would 
reduce the north-south green time near the minimum pedestrian crossing 


time would be feasible, 


Figure 10 shows the existing condition and channelization of the Central 
Business District. The critical intersections are in the heart of the busi- 
ness district where parking is at a premium. The only way to substan- 
tially increase the efficiency of the two-way system would be to remove 
parking, which would entail its relocation to off-street areas if the eco- 


nomic health of the Central Area is to be assured. 


Interconnection 


Interconnection of the central system can be done by cable, leased tele- 


phone circuit or radio control. Wherever possible, underground conduit 
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TABLE E 


SIGNAL OFFSETS FOR PROPOSED ONE-WAY SYSTEM 


Fifty second cycle, 50-50 split 
(Offset in seconds) 
(East-west green in relation to east-west green at master) 


32nd 31st 30th 29th ~ 28th 27th 26th 
Street Street Street Street Street Street Street 
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EXISTING LANE USAGE 
AND CHANNELIZATION 


should be used as a permanent type of interconnection. A second alternate 
is overhead cable. The advantage of the cable is that it is a reliable sim- 
ple system éxclusively for the use of signal control. The disadvantages 
of the underground cable are the initial high cost if the undergrounding 


cannot be done in conjunction with street widening and paving. 


At present, 18 of the intersections in the Central system are intercon- 
nected by underground conduit and cable. The City of Billings should 
continue to install underground cable whenever it is economically feasible 
in conjunction with street widening, sewer lines or storm drain construc- 
tion. A good example of this was the installation of interconnect cable 


during the recent widening of North 27th Street. 


Leased telephone lines have proved an excellent system where reasonable 
rates can be obtained and where a limited number of functions are needed 
to be transmitted. Ifa large number of functions are needed, either a 
large number of lines must be rented or expensive encoding and decoding 


equipment will be needed to transmit on a single pair of wires. 


A contact with the telephone company should be made to determine the 
feasibility of leasing lines to include a long term contract and cost per 
mile per month. Unless extensive utility ducts are available or can be 
installed at little cost to the City, the leased lines are preferred and are 


reliable. They are compatible with the present system. 


Radio control using frequency modulated radio to transmit tone signals to 
local intersection receivers has also been applied successfully. The 

greater complexity requires maintenance men of higher skills. The initial 
cost may be less but maintenance costs will exceed those of cable inter- 
connection. Local contract prices would be needed to determine the type 


of system that would best suit Billings. 


It is recommended that the use of leased telephone lines be pursued as the 


means of interconnection., An initial contact with Mr. E. L. (Lew) Allsup, 
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Communications Consultant with Mountain States Telephone Company, has 
been made. The cost of leasing a pair of telephone lines would be $1,25/ 
half-mile/month with a one-time charge of $10 per signal installation for 


connection charge. 


The cost to install conduit would probably exceed four times the cost of 
telephone interconnect. To connect the outlying signals about four miles 
of interconnect would be needed. This cost would be less than $300 for 
the first year. Details of this type of interconnect must be negotiated with 
Mountain States Telephone Company and auxiliary equipment to provide 
"fail safe" operation must be installed. This normally involves a time 


delay monitor which frees the system should a lack of sync pulse be detected, 


Radial Arterials 


Signal system improvements outside the central area can be grouped into 
basically three groups. They are the Division Street system, the West 
Central System, the U. S. Highway 10 and 12 system and the Sixth Street 


West system. 


Division Street System. The complex intersections along Division Street 
require multi-phase operation and are therefore limited in their total capa- 
city by this requirement for multi-phases. The most efficient equipment 
available should be used for control purposes. A traffic actuated system 
is indicated from traffic volume information available. The system would 
require fully actuated equipment with northbound progression in the morn- 
ing and southbound progression in the evening. This system is currently 


under design under another contract. 


West Central System. Four of the six signals on Grand Avenue in the West 
Central System are placed on increments of one-quarter mile spacing, If 
there were no signal at Sixteenth Street and if the signal at Eighth Street 
were located at Ninth Street, a perfect progression for both directions at 


the speed limit of 35 m.p.h. could be obtained. This street forms the 
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basic pattern for the west central area. It is not proposed that Ninth Street 
West be made an arterial or that the signal at Eighth Street West be relo- 
cated. This fact of being able to obtain perfect progression at Ninth Street 
West is brought out only to illustrate the point that the signals in the West 
Central System are not on an ideal spacing, hence less than desirable opera- 
tion is built into the system and must be recognized. This system should 
operate on a fifty second background cycle with traffic signals on the one- 
half mile spacing operating simultaneously and those on the one-quarter 

mile at a 50 percent offset. The signal at 16th Street, due to its one-eighth 
mile location, should be converted to a semi-actuated operation and pro- 
gressed in the direction of major flow. Similarly the signal at Eighth Street, 
due to its one-eighth mile location, should be converted to a semi-actuated 
controller with progression to favor major flow. The intersections on Broad- 
water at Sixteenth, Eighth and Fifth Streets should be included in this system 


along with the intersection of Fifth Street and Lewis. 


Figures 11, 12 and 13 show possible progression on Grand Avenue from 17th 
Street West through Fifth Street West for off-peak, A.M. peak and P.M. 
peak conditions. The off-peak setting is one which should be used at all 
times when the directional volumes are not critical. It is possible that 
under the current volume conditions this would be the only setting needed. 
As can be noted from the progression charts, favoring one direction penalizes 


the opposing directions of flow. 


Table F shows the required offsets for the West Central System. Additional 
cycle lengths (55-60 sec) could be used but would produce lower travel 
speeds. As volumes build up in the future, the expansible controllers can 
be programmed in a similar manner for longer cycle lengths as a lower travel 
speed will become more acceptable. Until such time when more than one 
cycle length is needed, a single telephone pair can be'used with one wire 
used for synchronization and one for dial transfer. At the intersections on 
Eighth Street and Sixteenth Street West the second dial transfer could be 


made by time clock. If a reasonable contract could be negotiated, a 
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TABLE F 


SIGNAL OFFSETS = WEST-CENTRAL SYSTEM 
East-West Offsets (seconds) using Fifth & Grand Ave. Zero 


7h 16th both UStr 8th Sth 
Street Street Street Street Street Street 


a 


Grand Ave. 0 Aa fhe 0 HAA 0 
Lewis = 0: = = 2 07 
Broadwater - 0 “ - AEN 0 


Offsets on Sixteenth and Grand and Eighth at Grand & Broadwater are 
to the beginning of east-west amber as this is yield point for semi- 
actuated controllers. 


Morning Peak 


Grand Ave. 0 40 Zo 0 a8 0 
Lewis - 12 - - - 0 
Broadwater - ue, - - a3 0 


Afternoon Peak 


Grand Ave. 0 18 PAS 0 13 0 
Lewis - 35 - - - 0 
Broadwater - 35 - - iS 0 
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telephone interconnect would prove to be the best solution to interconnect- 


ing this outlying area. See interconnect recommendation, CBD System. 


U.S. Highway 10 and 12 System. The semi-actuated controller at the four 
intersections of U. S. Highway 10 and 12 with Sixth Avenue North, Lake 
Elmo Drive, State Route No. 3 and Wicks Lane is the most appropriate sys- 
tem for the foreseeable future and no additional equipment should be needed 
for control purposes. Final adjustment of the system should be determined 
in the field. Due to the complexity of actuated equipment, it should be 
field checked frequently to assure it is operative as required. During the 


field check of this equipment, one location was found to be malfunctioning. 


Sixth Street West System, The Sixth Street West System consists of the two 
intersections on Sixth Street West at Central Avenue and Minnesota Avenue. 
The current intersections are operating at level of service "B" and "C" as 
defined by Highway Capacity Manual, Figure 14. However, the 1990 pro- 
jected volumes will require considerable modification to the intersection 
geometrics and traffic signals, as shown in Figures 15 and 16. This design 
better fits the demand and volumes projected. A fully actuated traffic sig- 
nal system would be preferable as these signals operate as an isolated pair 
and would not need coordination into any other system. A three phase con- 
troller at Central could control both intersections north of U.S. 10 with 
Phase A being the eastbound to southbound and left turn phase. The inter- 
section at Minnesota will require a four phase operation with the southbound 
left turn and thru movement being Phase A. The coordination point on this 
equipment is from Phase A amber soa basic progression could be achieved 
from eastbound Central thru to eastbound Minnesota Avenue as this is the 
predominant flow. A single offset of about 14 seconds, i.e., southbound 
Minnesota 14 seconds after southeast bound Central, ould be adequate 

as the westbound P.M. traffic arrives at random and has a free right turn. 

It would be possible to include an eastbound left turn access to the Montana 
Street on-ramp. This will enable movement from Central Avenue to Montana 


Street. 
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CHAPTER III 


PROBLEM INTERSECTIONS 


A field check of all signalized intersections has been made to determine 
possible improvements. Those intersections which were found to have 
operational problems were checked during peak traffic periods to ascer- 


tain the extent of problems and possible remedial treatments. 


In addition to field observation, a capacity analysis was made of all 
locations using the "Highway Capacity Manual" in those critical locations 
where applicable and a Critical farelanaivsic in other locations. Current 
volumes were analyzed along with projected volumes for 1990. Where the 
projected traffic volumes did not reflect the conditions which can be 
expected at some interim year, i.e., before the 1990 street system is 
fully constructed to relieve existing streets, the existing traffic volumes 
were normally factored by a three percent growth rate to obtain a volume 
figure which could be used to determine if the intersection and signal 
‘systems have adequate capacity to handle future traffic volumes. Table 

G shows this information. More detailed recommendations are also made 
on some of the critical intersections. Column "I" shows a level of service 


that could be expected if no change is made to the existing intersections, 


In general, the signal installations in Billings are mechanically sound and 
well maintained; however, the most prominent limitation evident at many 
locations is the failure to apply sound traffic engineering techniques to 


intersections to be signalized. 


It is not uncommon for citizen groups to demand a traffic signal as the 
cure-all for traffic ills where this is definitely not the case. Many studies 
reveal that traffic signals seldom reduce the total number of traffic acci- 
dents but only change their type. A traffic signal may induce traffic acci- 


dents and congestion if improperly installed. - 
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The geometrics of many of the signalized intersections should be improved 
both for capacity and safety reasons. The easing of curb radius may allow 
a two-lane turn. The realignment of jog intersections will not only elimi- 
nate the head-on, side swipe and questionable. right-of-way situations 
but will increase capacity as well. Specific examples are treated in the 
following recommendations for intersection improvement. It is further 
recommended that prior to any new intersection being signalized that 

curb alignment and other geometrics be improved to their ultimate. It 

is usually better to complete the improvement when there is a strong 
sentiment and justification for the signal than at some later date when 

the justification for realignment is less obvious to a non-professional. 
Funding for such projects is allowed under the current Federal "TOPICS" 
program if such intersections are on the Type 2 system. The City should 
be prepared to match any new Federal monies available for this purpose, 


and should have its Type 2 system approved at an early date. 
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PROPOSED IMPROVEMENT 


POE, 
Inter- No. of ADT critical ADT 
section approach lanes Level 
code lanes E-W E- W Phasing E-W sum of 
No. E-W N-S N-S and Level N-S critical service 
N-S Other Other controller of Other Growth lanes with no Controller type 
Other sum sum type service sum Si tea) ah AL eH Ie on Ot change Lanes & Phasing 
A B : Eeiweach D E F G tal 2 K 
q 1 1 500 120 2D A CAC CUE hia AA 780 C — ' S.A. 
2 11°00 460/2 fads lye 26,000 Dual max. 
13,000 350 1 dial 29,000 
tow ; K* 
o 2 13,000 420/2 2¢ B 20,000* 1.9 840 D rl : Fa 
2 12,000 460/2 Bue Dr, 275000 NS-EW POT 
PASE LOTS 440 1 Dial 47,000 oe le te 
or l-way Ped. signals 
3%, 2 14,000 420 3 GZ D 20,000* 1.6 1400 F Widen 2 Oltwee 
1+ LTC 5,000 paste a ie 10,000* for W.B. Rs 
Ml: 12,000 200 3 dial 20,000* or l-way 
31,000 870 50,000 
4, 2 13,000 330 2@D B A We 8 ba BE 820 D Widen 3 Dial 
1+2TC 4,000 180 Bis 8 ,000* 6th for 3 offset 
17,000 510 1 dial 28,000 2-way I]t. L re. 
or l-way 
5. 2 13 00074" 326 22 B 7A Ned 10 1S st ey 920 D Widen 3 Dial 
ie Se ieee 5,000 220 Sa he 10--000* 6th for 3 offset 
18,000 540 1 Dial 30,000 2-way lt L. ab re 
or l-way 
ie ] 1,000 75 Flasher A F500 | ees 340. A shad ek 
1 4,000 150 _6 000 
5,000 Lue 7,900 
pi: Z 6,000 360/2 Flasher A ry eoUG at 690 C -- 3 Dial 
1 _ 1,000 aad _ 2,000 3 offset 
7,000 ASD 19,000 Pere 
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CURRENT CONDITIONS 


INTERIM SYSTEM VOLUME PROPOSED IMPROVEMENT 


P.H.V. 
Inter- No. of ADT critical ADT 
section approach lanes Level 
code lanes E-W E-W Phasing E-W Sum of 
No. E-W N-5 N-S and Level NS critical service 
N-S Other Other controller’ of Other Growth lanes with no © Controller type 
Other sum Sum tyoe service Sum Pacvar ivr + th. change Lanes & Phasing 
eee ae Td Prag. a G H | ae aaa wat 
8. 2 4,000 180 3 DZ B 6,000 Spas, 990 D Improved PER Lee 
| ae 6,000 360/2 FPS; 10,000* Geometrics 3 Phase 
| 2 10,000 600/2 1 Dial 15 ,000* 
20,000 £660 31,000 
| 9 2 9,500 240 2B B 14,000* 1.5 730 a - = MNEs, Ei 
i SO 250 Fog! 7,500* 3 Offset 
Lats 00" 490 1 Dial 21,500 PT) 
re 2 9.000) 226 2B B 13,500* 1.5 710 C - Seas 
1 Spode) 250" a a 7,500* 3 Offset | 
Yar oon,. 470 wT ial 21,000 Por: 
iy. 2 Sat Ose 220 2B B 13,500* 1.5 680 C - a Dial 
| S000) 230 Pre 7,500* 3 Offset 
| | : ra phi Asp 21,000 Par, 
| | 
| hee 2 BSG) 240 22 B 12,500 Vg 810 D _ <4 3 ial 
| LLC PPO 330 hal 10,500* | 3 Offset 
. TS500in. 540 1 Dial 23,000 ET. 
eB 2 Bt OOo. 97072 22 B 12,000* 242 840 D - 3 Dial 
2 12/000'" 425/72 ply i 30,000 3 Offset 
| 20,000 400 1 Dial 42,000 F 
Ped. Signals 
T45"; erEte 6 Shon 290 21 Q 9,500 rs 810 D - 3 Dial 
1 SUNG 250 Rete 7,500* 3 Offset 
| 11,500... 540 1 Dial 17,000 ror 
| 15, T4iiC  6,500\y. 290 2B B 10,000 1.5 780 C ‘ 3 Dial 
| PETE. 1 byO0Ong 2306 Pa 72 300% 3 Offset 
| Fe ES TET L-Diad 17,500 E.T. 
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CURRENT CONDITIONS INTERIM SYSTEM VOLUME PROPOSED IMPROVEMENT 


gle Pa : 
Inter- No. of ADT critical ADT 
section approach lanes Level 
code lanes E-W F-W : Phasing E-W Sum of 
No. E-W N-S NTO and Level NS critical service 
N-S Other Cther controller of heather Growth lanes with no Controller type 
~ Other Sum Sum type service Sum RACtOow Maren. change Lanes & Phasing 
ae eo rr, ae UA Is A a 
1G. 1% LTC) 9 e7000 230 2@D B 10,000 1.8 970 D - 3 Dial 
ae oul yg 7,000 310 pope B id OOO * 3 Offset 
12,000 540 1 Dial om 2OO00 Ree 
phy Saal EOL 4,500 230 2D B 7,000* BRR 850 D - 3 Dial 
2 12,000 440/2 i ei 25,000 3 Offset 
16,500 450 1 Dial 32,000 
18. Le LG 5,900 250 (a) B 8,000* 1 Nis 680 C - 3 Dial 
l _ 4,000 200 Bry 6 ,000* 3 Offset 
9,500 450 1 Dial 14,000 hay 
A LLG 6,900 290 2@Z B 10,000* iNass 840 D ee 3 Dial 
1+ LTC 6,000 270 Races 9, 000* 3 Offset 
12,500 560 1 Dial 19,000 gee) 
ZU. i on ys 6,900 290 2D C 10,000* hs 950 D - 3 Dial 
1+ LIC AsO 0 340 ae 11,000* 3 Offset 
14,000 630 1 Dial ZAA000 (qe | 
OO Re cena eee RSA IRUBPULIMLEMT CLE CTT Sena ae nen EN aL ey PPT “eu AMMONITE TS TET Oe ke 
“yee 1+ LTC Spood I92so 2D B 7,500* 9 1000 E - 3 Dial 
2 11,500 560/2 ieaks 24,000 3 Offset 
16,500 530 1 Dial 34400 eT 
Dy ee ee eens ee ee UE Be OLE Pa AT. So ae eee 
i A 2 9,000 440/2 AD! @ B LAGS 00. hay 18 1030 E - Under study 
50. 2 9,000 490/2 Tet al 18,000 by M&M 
2 8,000 220/2 3 Dial 17,000 Ped.signals 
26,000 op ors 46,500 
ate a eh areee eR RM he NY LR 
pee 2 119500 540/2 2D A 18,000 hc 580 B - 3 Dial** 
l 2,000 90 Ret. 3,000*, 3 Offset 
13,500 360 1 Dial 21,000 Puts 
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CURRENT CONDITIONS INTERIM SYSTEM VOLUME PROPOSED IMPROVEMENT 


elle bee fe , 
Inter- No. of ADT alti thyter a ADT 
section approach lanes Level 
code lanes E-W r-W Phasing E-W Sum of 
No. r-W N-S N-S and Level N=-S critical service 
_N=-5 Other Cther controller of Other Growth lanes with no Controller type 
Other sur sum type service Sum Factor ViLPPHE change Lanes & Phasing 
: a: ar hes rh or xe RT ik NARA © eon ae 
24. 2 Tat09m) §«660G72.° | 22 B 18,500 1.4 740 ‘ - 3 Dial 
] 4,000 230 Pe ie 64 000% 3 Offset 
17), 000 530 1 Dial 24,500 BAW ay 
va 2 13), 000 620/2 2 @D | B 19,000 Lie 840 D - 3 Dial 
Lite LTG 6,000 250 a gt 9. 000% 3 Offset 
19 ,000° 560 1 Dial 28,000 SUP i 
26. 2 13,000 460/2 2 C 19,000 Cs 840 D ~ 3 Dial 
+ LTC 7500 330 Fy oe 12,000 3 Offset 
; 20,500 560 1 Dial 31,000 a Pre 
27% Z 133, 500 400/2 2D A 20,500 i meres 520 B - 3 Dial 
Zz gape phat SOO 2 ty Ere 17,000 3 Offset 
25,000 Jou 1 Dial Silay FU | eye ae 
ZO. Z, 1; S00 510/2 rg, A [as apie a8 ayes 580 B - 3 Dial 
] 4,900 130 jae hoy OUD 3 Offset 
18,000 385 ) Dial 26,9500 FT: 
29, 2 10,000 390/2 22 A 20,000 1.9 520 B = 3 Dial 
l ‘2, O00 80 By ey 3,000 3 Offset 
12,000 279 1 Dial 23,000 Pot: 
30. 2 PTI EY eed YW ae a, CO RSID ey 1150 E - 3 Phase 
1 8,000 330/2 ren 7,000 FA... Under 
22,000 260 1 Dial 374,200 study by M& M 
at: 2 11,000 270/2 2D B 30.000 2.3 - 840 8) = 2 Phase 
2 8,000 A60/2 Poe. 18,000 FLA. Under 
7,000 3 Dial 12,000 study by M&M .- 
26,000 365 60,000 
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INTERIM SYSTEM VOLUME _ PROPOSED {MPROV T 


Beli V.. 
Inter- No. of ADT critical ADT 
section  approac}, lanes Level 
code lanes F-\W F-W Phasing E-W Sum of 
No, E-W N-$ N-5 and Level N-S critical service 
N-S Other C ther controller “of Other Growth lanes with no Controller type 
Other Sum Sum type service Sum Factor | ¥.P.H. change Lanes & Phasing 
fi B Co De ets a eer eee nT eee 
Se se 11,000 500 ZF D 17,000* eS 1200 5 - 3 Dial 
a ae 21 7,000 o.0 SN la 10,000* 3 Offset 
18,000 810 ay ota] 2/000 eg ie 
ee Rs cee va oe PEO O0 500 20) ae L7 yp D0 ee 1200 E 3 Dial 
La EG 62500 290 Sp 10,000* 3 Offset 
17,500 790 l Dial 27,000 ile oe 
34, LL 9,000 400 yaa) C 13,000* Lapa 900 D - SabDial 
2 ak < et A, ‘420/72 rad. 13,000 | 3 Offset 
17,500 610 1 Dial 26,000 Bie. 
aie 2 12,000 600/2 22 C 18,000% 1 bi 900 D 5 lane 3 Dial 
Mgr, un 2 A 7,000 310 reals 10,000* section tM ha 
19,000 610 1 Dial 28,000 E-W 
ab. Z 12,000 600/2 2D B 18,000% Lid 820 D 5 lane 3 Dial 
1+ LTC 5 SOO 2 a0 Moule. 8,000* section ge 
17,990 550 1 Dial 26,000 E-W 
aks Z 12,000 600/2 2D B 18,000* eo 750 C 5 lane 3. Dial, ** 
Z 8,000 A20/2 |S le 13, 000* section E-W F.T. 
209500 510 1 Dial Sea Improve N-S_ Ped. signal 
alignment 
38. l 5,000 300 Flasher B 14,000 Lie) 1050 E Improve 3 Dial ** 
1 2,000 120 3,000 -W 3 Offset 
7000. 4420 17,500 alignment FLT. 
au, 2 8,900 310 3 DZ C 13,000 1.6 1300 E Improve FA. a 
] 4,000 310 ge A 6,500 E-W & Dual max. 
1 4,000 170 1 Dial 6,500 N-S 3 DZ 
T6 7500 790 26,000 
40, 2 Pe SOs 2 2 B 1 OE RE 970 D Improve Path a 
‘ 5/000 340” 2. 12‘000 ae aren 
14,000 570 1 Dial 208 SOD 3 Offset ~SS- 
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CURRENT CONDITIONS 


INTERIM SYSTEM VOLUME 


ibs 5 aa ge 
Inter- No. of ADT critical ADT 
section approach lanes : Level 
code lanes E-W r-W Phasing Deve Sum of 
No. r= W N= 5- A ate and Level NES critical service 
N-S Other Uther Contrguer) OL Other Growth lanes with no Controller type 
Caer Sum Sum type service Sum PeaeeCon ne. meer ats change Lanes & Phasing 
A B ? p = SENG RUSH hae aOR CU se 00 cA eG | SARs» Ene aN PROVO Mi EG 
41 2 P2500 7T5O0/2 2@Z B 19,000* Bas 880 D Improve . 3 Phase ** 
2 7,000 420/2 Ryd. 10,000 N. leg S.A. 
19,500 550 1 Dial 29,000 Dual max. 
Ped. signals 
42 2 13,000 780/2 2 B 19,500 Ete 900 D ~ 3.Dial ** 
2 pe es SE Re Te yes anal 5,000 3 Offset 
16,500 600 dh Dial 24,500 ad 
| Ped. Signals 
43. Z 16,9500 990/2 2D C 24,000* his 945 D - Sone ee 
2 4,900 eae, ja he LUC Dual max. 
21,000 630 1 Dial 31,000 Ped. signals 
44, 2 16,500 990/2 22 D 24,000 Hes: 1280 E N-S > Dial | ** 
1 6,000 360 Saat bal 9 ,.000* realign. 3 Offset 
2243500 855 1 Dial 33), 000 ems SS 
Ped. Signals 
45 i 1,500 90 Flasher B 2,000* 1.4 630 C = = ae =e 
(3 6,000 360 8,000. 
7000 450 10,000 
46. 1 4,500 270 2@Z B 7,000* io 810 D = Lied = * 
1 4,500 ead |S Vi FU 3 Offset 
9,000 540 pial 14,000 | be igh 
47 1 8,500 510 2B D 12,000* 15 1350 E ~ 3 Dial ** 
1 6,900 390 ele 9 000 3 Offset 
15,000 900 22 e008 gee aS 
48, 2 be Seo 9630/2 22 C 15,000* ts 900 D - Sul Re 
| 1 5,000 300 Bari Nueces Dual max. 
1500 615 22,900 
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CURRENT CONDITIONS INTERIM SYSTEM VOLUME _ PROPOSED IMPROVEMENT 


Ror. 
Inter- No, of ADT critical ADT 
section approach lanes Level 
code lanes E-W E-W Phasing ES Ww. Sum of 
No. E-W N-S N-S and Level N-S critical service’ 
N-S Other Other controller of Other Growth lanes with no Controller type 
Other Sum sum type service Sum Hector Wor sn. change Lanes & Phasing 
see ETS Los SIR, Ce a RE SRS ea ee ee Se Ce t= SO I anion pacino hain) aetna 
AQ, 2 LTO GO0 660/2 2@Z Gi 16,500 1a 900 Seti - 3 Dial 
] Hes 7: SeeO Tae 2000 3 Offset 
153500 600 1 Dial Zid) 6 ALO ee ee 
50 See #22 
oye 2 9,900 170 3 Z C 16,300 Lay 1.300 E Realign. 3 DZ _ K*® 
2 10, 100 440 el | b? 400 Central Kelle 
fs 3,400 170 3 Dial 5, 800* to 6th dual max 
23,400 780 39,500 
ao 2 11,000 290 2@D S 13,900 Lean baLOO E Widen 4g *% 
2 10,000 450 oy he 17,400 N-S Poa 
21,000 740 7 Abel Es 30300 Dual max. 
54. Z Tee ou ra fen 2 QD sk 19,000 Ln 790 C Widen 3 Dial 
] 2,000 120 Lene Me ae 000 & align 3 Offset 
14,500 AQ5 1 Dial 22 500 Ss. leg Biv: 
Cee Si EO TSU SO Nits Pict Aiea ante LAMCOM sean NRO RaaO LM aS Astacio ay oie NON UMaine Nee A ialieoeel Je EB) ie dh Sein a ogo tite alee ae ad 
Seal - 12,200 oo 2 B 20,000* 1.6 mooOU D Widen E-W _ 3 Dial 
] 4,900 250 (ae 8,000 or l-way 3 Offset 
17,100 580 1 Dial Zug ke Gately ee 
56. 1 8,000 360 Flasher B 34 .u00 Zz. 1,000 r . Under design 
i ar OD Lau Dy oUD by M& M 
Lf £00 590 49,500 | 
** 
CEexisting counts used where available Adjusted ADT figures for signal study to See additional information in text 
ADT factored for other counts compensate for computor variance and 
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INTERIM SYSTEM VOLUME PROPOSED IMPROVEMENT 


a 
Por « 
Inter= No. of ADT critical ADT 
section approach lanes Level 
code anes EW E-W Phasing E-W Sum of 
No. E-W N-S N=-S and Level N-S Critical service 
N-S Other Cther controller of Other Growth lanes with no Controller type 
Other Sum Sum type service Sum Factor) VieP2 8. change Lanes & Phasing 
? 7? 
A B S D c F G H J T 4K 
ee i ee UG 240 iz 7) G LOU 6OG 22 mL 250 F 6 la N-S. wm 
2 14,000: 420 5 AN 23,400 4 la EW 
18,000 660 Dual max, 35,000 
58. 2 2,000 1290 2 S C 5 COQ 2. 1,300 r § la N-W 
2.4 ETC 16,000 480 ee 34,500 
18,090 600 Dual max 39,500 
55° Hi 1,500 990 2D 3 Tee O00 aire 1,700 F Widen wee 
Ee ETC 15,000 450 eta 33,200 all legs 
16,500 540 Dual max. 52,500 
60. H 2,300 140 ZA B 7,800 2.4 L100 E 
fA Sa Pa SiS 10,000 300 aes a oe 000 
12,300 440 Dual max, 29,900 


nnn cnn neces LLL LLL LO LOL LLL LLL LLL LLL LLL LLL LLL LL LLL LL LLL LLL LLL LLL LLL LLL LLL LL LLL LLL LLL LLL ALL CL ETL CC SLL LC ES I A rn anette 


= 5 Be 


oe ’ 
Ms 


EA 
ars S50 
eget 


<4) 2 
. i » 


INDIVIDUAL INTERSECTIONS 


(2) 


(3) 


(6) 


(8) 


Left turn volumes at this intersection are in the range of 20 percent 
both north-south and east-west. Therefore, as volumes increase in 
the future, either a left turn storage lane will be needed, i.e., five 
lanes, or a six-lane design. If the recommended one-way system is 
incorporated, the existing cross section on both streets should be 


adequate. 


Analysis of current volumes indicates that near capacity conditions 
exist, i.e., level of Service "D", as defined in Highway Capacity 
Manual, Figure 17. The one-way system as recommended, Figure 
18, would operate at level of Service "B", If, however, the two-way 
system is to remain, then widening on the east leg will be needed 
and a level of Service "C" can be obtained, Figure 19. The prob- 
lems with the current operation were found to be the restrictive 
geometrics for westbound traffic from Sixth Avenue North to Grand 
Avenue, causing heavy curb lane usage. Modification of signal 
indications, some curb cut-back on the south side of Sixth Avenue 
North at Division and island revision on North 32nd Street is also 
needed. If two-way Operation is to remain, the eastbound to north- 


bound left turn should be prohibited on Sixth Avenue North. 


Additional signal face needed for "C" Street. 


The curb return on the northwest corner of Lewis and Division should 
be cut back to allow two-lane westbound from Fourth Avenue to Lewis. 
By acquiring a triangle of property from The American Lutheran Church, 
the geometrics and capacity of this intersection could be greatly im- 
proved, Figure 20. This would assist in relieving traffic loads from 
Grand Avenue and Broadwater. The eastbound traffic signal indica- 
tions are not in good alignment and are partially hidden on the ap- 


proach by trees. If the jog is realigned, they should be relocated, 
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(23) 


(37) 


(38) 


(39) 


Although traffic volumes at this intersection are relatively light 

on the side street (32nd) which would indicate the possible use 

of semi-actuated equipment, the critical intersections are to the 
east on lst Avenue and the added capacity will be of little ad- 
vantage. The fixed time controller gives the advantage of speed 
controls plus less pedestrian confusion which is always associated 


with pedestrian actuated equipment. 


In addition to the planned five-lane section on lst Avenue South, the 
N-S geometrics should be improved to eliminate the offset caused by 
the newly installed median on 27th Avenue South of lst Avenue S. 
This offset is not good from either a capacity or safety standpoint, 
as vehicles are required to shift alignment within the intersection 


with no curb or striping to guide them. 


System evaluation shows a large growth of traffic on Rimrock Road. 
The alignment of this intersection should be improved to eliminate 
the jog. In the interim, a red flasher should be included to stop 


north-south traffic, 


The close proximity of the three intersections in this complex under 
existing conditions subjects motorists to many conflicts and requires 
long clearance periods. The existing operation is approaching the 

level of Service "D" during p.m. conditions, Figure 21. Future pre- 
dicted growth will require intersectional widening. Signal moder- 
nization should be compatible with this widening. The channelization 
shown in Figure 22 was designed to eliminate the crossing of traffic 

at flat angles and eliminates the need for long amber or all red intervals 
to clear two intersections. Improvement of the intersection will require 
additional right-of-way acquisition on the S.W., the property called 


Shadow Lane, and widening on the north. 
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(40) The north-south alignment is not symmetrical. Improvements should 
be made to eliminate potential head-on and side-swipe accidents. 
Due to the future growth in traffic which can be expected on’ Grand 
Avenue and additional traffic generation of the West Park Plaza 
Shopping Center, a five-lane design should be anticipated on both 


17th Street North and Grand Avenue. 


(41) The signal at 16th Street North, the main entrance to the West Park 
Plaza Shopping Center, is not used to good advantage. Vehicles 
existing from the plaza must use driveways in close proximity to 
the signal and are often blocked by vehicles on Grand Avenue which 
are stopping for the signal. Figure 23. The Park Plaza signis 
poorly located and the signal is of little assistance to orderly traffic 
flow from the Plaza parking area. Figure 24 demonstrates e solution 
to the problem. Driveways onto Grand Avenue in close proximity to 
the signal should be closed and curbing installed on the north approach 
to the signal to allow sufficient storage for efficient flow to an from 
the signal and preclude parking and unparking conflicts. The com- 
mercial nature of Grand Avenue would indicate the advisability of 
a fifth medial turning lane for two-way left turn refuge except at 


signalized intersections. 


(42) The north-south jog at this intersection limits capacity and places 
the southbound curb lane traffic facing head on into the northbound 
curb lane traffic. This is not only potentially hazardous but can 
be confusing to motorists and produces a large conflict zone. Cur- 
rently there are no buildings restricting realignment of this inter- 
section. As property develops and increases in value, it may be 
extremely difficult and undoubtedly costly to improve such conditions. 
The jog should be eliminated prior to increased development. Fig- 


ure 25, 
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(43) 


(44) 


(45) 


(46) 


(47) 


Widening on the south leg of this intersection has improved the 
alignment, however, the painted center lines north and south are 
offset. The north leg centerline should be shifted about five feet 
east to align with the south leg centerline. The skew on Grand 
Avenue produces no problems. This controller should be converted 
to a semi-actuated controller due to its 1/8 mile spacing. A dual 


maximum controller with a 3 offset synchrolizer should be used. 


The offset north-south at this intersection again places the motor- 
ists ina "head-on" situation limiting capacity and safety. Re- 
alignment on the approaches to the intersection will require some 
R/W but will have no appreciable adverse affect on the service 
stations which are affected. Pedestrian signal indications should 


also be added. Figure 26. 


Alignment on 24th is all right, however, if Lewis is not to be 
limited in its future traffic carrying capabilities, the property on 
the northeast corner, which belongs to the West Side Baptist 
Church (current building site), should be acquired. If this is not 
possible at this time, the church should be requested to set back 
with the understanding that the City will purchase the property when 


funding is available. At the time this intersection was field checked, 


‘the beacon for Lewis was not flashing. As Lewis is required to stop, 


the flasher should be operating full time. 


During the field check, the centerline striping was nearly non- 
existent and should be repainted. Parking should be prohibited 


within 100 feet + of the intersection. 


The single lane and right turn lane for westbound traffic could be 
converted to two lanes thru. The intersection should be striped 
for two approach lanes on all legs. Parking would be removed on 


16th Street on the approaches to the intersection. 
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(48) The north-south centerlines are offset. The centerline on the 
south leg should be shifted to line up with that on the north leg. 
If signal modernization takes place prior to widening, the pole 
on the northwest corner should be set back to accommodate future 


widening to four lanes. 


(51) Sixth Street West Interchange: 

ND, Projected traffic volumes in the Montana Avenue corridor are cri- 
tical both at the Sixth Street West interchange and at the Division- 
Montana intersection. Improvement of the Sixth Street West inter- 
change is needed both to accommodate the increased traffic from 
Central Avenue and to enable diversion to First Avenue South. 
Figure 14 shows an analysis of current and projected traffic vol- 
umes. The existing configuration would not operate well under 


the 1990 projected traffic volume. Figures 15 and 16 show a re- 


commended design which could operate under this volume level. 


It would be physically possible to provide left turn access to the 
eastbound on-ramp to U.S. 10 - Montana Avenue. This would 
probably work well under interim volume conditions, however, 

this would be questionable under 1990 peak hour traffic. It would 
be possible to install a vertical gate similar to that used on Inter- 
state 5 reversible lanes in Seattle, Washington, which would per- 
mit this turn during peak traffic hours. There would be considerable 
merit in allowing a direct connection from Central to Montana to 
reduce the amount of traffic which is now forced thru the residen- 


tial area. 


(54) The centerline of the north leg lines up with the right curb line of 
the south leg. A transition should be made on the south leg cut- 
ting off the corner of the "Self Service Furniture" parking lot and 


the centerline of the north leg moved west. 
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(57) 


(59) 


To meet the 1990 volume requirements, an express type facility 
will be needed on U. S. 10 (six lanes). The one-way grid 
system may have to be extended to provide the added capacity 
needed east-west. The Sixth Avenue North directional sign 
blocks the signal view for northbound traffic. It could be located 


to northwest of the intersection, 


The signals for Beach Boulevard are not well aligned and vision 
of the signals is blocked until about 150 to 200 feet from the 
intersection by the "Big Sky” sign. An additional post mounted 


signal on the southwest corner is needed. Figure 27. 
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FUTURE SIGNALS 


In addition to the previously mentioned improvements, the following locations 
should be checked annually with systematic traffic counts to determine a 
priority of need and to see if signal warrants are met as traffic volume pro- 


jections indicate growth in traffic demand at these locations: 


Rimrock Road at 17th Street W. 
Rimrock Road at Wisconsin St. (Speed control & progression) 
Rimrock Road at Virginia Lane 
Rimrock Road at N. 27th Street 
Poly Drive at 17th Street W. 
Poly Drive at 13th Street W. — 
Poly Drive at Wisconsin St. (Speed control & progression) 
Poly Drive at N. 30th Street — 
Poly Drive at N. 27th Street 
Colton Blvd. at 17th St. W. 
Parkhill Drive at 17th St. W. 
Parkhill Drive at 13th St. W. 
Parkhill Drive at Virginia Lane 
Grand Avenue at 24th St. W. 
Lewis Ave. at 16th Street W. 
Broadwater at 24th Street W. 
Central Avenue at 24th St. W. 
Central Avenue at 16th St. W. 
Central Avenue at Moore lane 
Central Avenue at 8th Street W. 
State Avenue at Orchard 

State Avenue at lst Avenue S. 
U. S. 10 at Moore Lane 

U. S. 10 at 4th Avenue N. 
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CONCLUSIONS & RECOMMENDATIONS 


10. 


Hl. 


PAR 


38 of the 59 signalized intersections fail to meet national standards. 
136 additional signal faces are required. This is an increase of 45 
percent over the present number of 303. 

Pedestrian indications should be installed at all traffic actuated signals. 
There are eight intersections requiring a total of 64 additional pedes- 
trian signal indications, a 46 percent increase over the present number 
Olelous 

Due to the magnitude paetintencas , a standardization of signal design 
should be adopted. 

The mast arm type of signal mounting is recommended as a standard 
installation. 

The maintenance of signal equipment in the field has been excellent. 
The currently initiated maintenance record system should be continued. 
A card file of signal timing should be initiated and maintained. 

The existing "double alternate" traffic signal system in the Central 
Business District is the best system for two-way streets. 

The one-way street and signal system is undeniably the safest and 
most efficient use of Central Business District streets in moving traffic 
and the system most often adopted to avoid congestion and at the same 
time, retain on-street parking. 

A one-way street system in the CBD compatible with the 1990 proposed 
system is recommended. 

The current two-way street system cannot accommodate future traffic 
volumes in the CBD. Reversible lanes are not practical due to the 
nearly balanced traffic split. The current building line precludes 
further widening to accommodate the projected volumes on a two-way 
Ssireet, | 

A 3 Dial - 3 Offset fixed time expansible system is recommended for 
control of the Central Business District signals. All three dials need 


not be purchased initially. 
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Leased telephone lines appear to be the most economical type of 
interconnect and should be further pursued as a standard type of 
interconnect. 

Signals in the "West Central" system should have expansible 

fixed time controllers with the exception of those signals located 
on one-eighth mile spacing which should be actuated. A 50 second 
cycle should be used and left on the "off peak" setting until direc- 
tional volume and over capacity dictate a need for directional pro- 
gression, 

The"Sixth Street West" system should be revised both geometrically 
and in signal system type to werent future traffic volumes. 
Little benefit can be gained at many of the existing signalized 
intersections without first improving the geometrics for increased 
Capacity and safety. 

The City should be prepared to participate in the TOPICS program 
to assist in financing needed traffic improvements. 


Systematic review of potential signal locations should be initiated. 
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APPENDIX A 


INTERSECTION CODE NUMBERS 


Intersection 
9th Avenue North and N. 27th Street 
6th Avenue North and N. 27th Street 
6th Avenue North, Grand Avenue and N. 32nd Street 
6th Avenue North and N. 29th Street 
6th Avenue North and N,. 28th Street 
"C" Avenue and N. 32nd Street 
6th Avenue North and N, 19th Street 
Division Street Lewis Avenue and 4th Avenue N. 
4th Avenue North and N. 32nd Street 
4th Avenue North and N. 30th Street 
4th Avenue North and N. 29th Street 
4th Avenue North and N. 28th Street 
Ath Avenue North and N. 27th Street 
3rd Avenue North and N. 30th Street 
3rd Avenue North and N. 29th Street 
3rd Avenue North and N. 28th Street 
3rd Avenue North and N. 27th Street 
2nd Avenue North and N. 30th Street 
2nd Avenue North and N. 29th Street 
2nd Avenue North and N. 28th Street 
2nd Avenue North and N. 27th Street 
lst Avenue North and Division Street 
lst Avenue North and N. 32nd Street 
lst Avenue North and N. 30th Street 
lst Avenue North and N. 29th Street 
lst Avenue North and N. 28th Street 
lst Avenue North and N. 27th Street 
lst Avenue North and N. 26th Street 
lst Avenue North and N. 25th Street 
lst Avenue North and N. 13th Street 
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Code Number Intersection 


ait Montana Avenue and Division Street 

eZ. Montana Avenue and N. 29th Street 

33. Montana Avenue and N. 28th Street 

34, Montana Avenue and N. 27th Street 

JO. lst Avenue South and S. 29th Street 

36. lst Avenue South and S. 28th Street 

SW AA lst Avenue South and S. 27th Street 

38. Rimrock Road and 13th Street W. 

ates Poly Drive & Virginia Lane 

40. Grand Avenue and 17th Street W. 

Al. Grand Avenue & 16th Street W. 

42, Grand Avenue & 13th Street W. 

43. Grand Avenue & 8th Street W. 

44, Grand Avenue & Sth Street W. 

4S. Lewis Avenue & 24th Street W. 

46. Lewis Avenue & Sth Street W. 

Whe Broadwater Avenue & 16th Street W. 

48. Broadwater Avenue & 8th Street W. 

49, Broadwater Avenue & Sth Street W. 

OU Broadwater Avenue & Division Street 

waka Central Avenue & 6th Street W. 

wwe Deleted 

KE Minnesota Avenue & 6th Street W. 

94, Grand Avenue & 15th Street W. 

D0. 6th Avenue N. & N. 30th Street 

SOG lst Avenue North (U.S. 10,12) and U.S. 87 East 

57. U.S. Highway 10,12 (Main Street) and 6th Avenue N. 

58. U.S. Highway 10,12 (Main Street) and Montana 
Highway 318 

59, U.S. Highway 10,12 (Main St.) and Lake Elmo Road 

60. U.S. Highway 10,12 (Main St.) and Milton Lane 
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APPENDIX B 


ALPHABETICAL LIST OF INTERSECTIONS 


Intersection 


lst Avenue North and North 13th Street - 


lst Avenue North and North 25th Street 
lst Avenue North and North 26th Street 
lst Avenue North and North 27th Street 
lst Avenue North and North 28th Street 
lst Avenue North and North 29th Street 
lst Avenue North and North 30th Street 
lst Avenue North and North 32nd Street 


lst Avenue North & Division Street 


lst Avenue North (U.S. 10,12) and U.S. 


lst Avenue South and South 27th Street 
lst Avenue South and South 28th Street 
lst Avenue South and South 29th Street 
2nd Avenue North and North 27th Street 
2nd Avenue North and North 28th Street 
2nd Avenue North and North 29th Street 
2nd Avenue North and North 30th Street 
3rd Avenue North and North 27th Street 
3rd Avenue North and North 28th Street 
3rd Avenue North and North 29th Street 
3rd Avenue North and North 30th Street 
4th Avenue North and North 27th Street 
4th Avenue North and North 28th Street 
4th Avenue North and North 29th Street 
4th Avenue North and North 30th Street 
4th Avenue North and North 32nd Street 
6th Avenue North and North 19th Street 
6th Avenue North and North 27th Street 
6th Avenue North and North 28th Street 
6th Avenue North and North 29th Street 
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Intersection . Code Number 


6th Avenue North and North 30th Street D0. 
6th Avenue North, Grand Avenue and North 32nd Street 3 
9th Avenue North and North 27th Street 1B 
Broadwater Avenue and Division Street | OU; 
Broadwater Avenue and Sth Street W. 49, 
Broadwater Avenue and 8th Street W. 48. 
Broadwater Avenue and 16th Street W. 47. 
"C" Avenue and North 32nd Street 6. 
Central Avenue and 6th Street W. ni 
Division Street, Lewis Avenue and 4th Avenue N. sh 
Grand Avenue and Sth Street W. : 44, 
Grand Avenue and 8th Street W. 43. 
Grand Avenue and 13th Street W. 42. 
Grand Avenue and 15th Street W. 94, 
Grand Avenue and 16th Street W. 41. 
Grand Avenue and 17th Street W. 40, 
Lewis Avenue and Sth Street W. 46. 
Lewis Avenue and 24th Street W. ae 
Minnesota Avenue and 6th Street W. ate 
Montana Avenue and North 27th Street 34. 
Montana Avenue and North 28th Street 33) 
Montana Avenue and North 29th Street ae 
Montana Avenue and Division Street <imp 
Poly Drive and Virginia Lane 39. 
Rimrock Road and 13th Street W. . 38, 
U.S. 10,12 (Main St.) and 6th Avenue N. Biz 
U.S. 10,12 (Main St.) and Lake Elmo Road 59. 
U.S. 10,12 (Main St.) and Milton Lane 60. 
ese 10212 (Main St.) and Montana Highway 318 58. 
Deleted OL, 
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APPENDIX C 


DRAFT COMMENTARY AND RESPONSE 


Figure 2, p.20 


Commentary: 


(a) 


(b) 


Response: 


(a) 


(b) 


BPR recommends using triple indication on one-way streets 
rather than two indications as illustrated. 


The use of 10' side mount height and of 7' top mount pedes- 
trian signals at the same intersection is not consistent. State 
Highway Commission uses 7' all around. 


We concur that triple indications are desirable, however, 

the placement of the third indication is critical. In the CBD, 
post mounted signals give conflicting indications to the 
pedestrians. Louvering the post mounted vehicular indications 
is only a partial answer as the required focus to preclude 
pedestrian vision directs the signal to a very limited area 

for vehicular traffic. A third mast arm signal indication 

does not seem justified for a three lane approach, nor could 
the following criteria be met if three indications were placed 
in 36 feet of roadway: 


"A distance of 20 to 30 feet between lines drawn 
perpendicular to the signal faces is desirable," 


Rratfic Engineering Handbook; P.386 


We agree with this comment about inconsistency of pedestrian 
signal height and have changed the Type 1 pole (top mount) to 
10'. The justification for the 10' rather than the 7' typical is 

due to the requirement for "one-way" signing. The sign height 

is set at 7'clear to the bottom as per MUTCD. Raising the sign 
above the signal indications greatly reduces the reflectivity of 
such signing at night. The visability of signals at this height 

is not a problem for pedestrians or motorists and conforms with 
MUTCD. It is our recommendation that this 10' height be adopted 
in the CBD where one-way streets are probable. 
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rigure 5, p. -29 
Commentary: 


We suggest, that in order for the signals at the intersection of 
Division, Broadwater and First Avenue North to operate 2-phase, 
Broadwater should be one-way westbound and Custer Avenue 
one-way eastbound. 


Response: 


This intersection design is part of the Morrison-Maierle, Inc. 
contract. We concur that if a cross over between Broadwater 

and Custer can be made to facilitate this move, that it be done. 
The intersection alignment should be improved in either case. 

The intersection could operate as 3-phase until volumes increased. 
Drawings have been changed for one-way operation. 

Pees 05 par. 1 

Commentary: 

Why not got to 25th Street one-way northbound in the interim 
system. Explain why 27th and 28th couplet can not be adopted. 


Response: 


25th Street is used in lieu of 26th as this maintains the one-way 
grid system. It is not possible to progress traffic thru the system 
as well with 25th one-way northbound as with 26th one-way north- 
bound. Expanding Table E to 25th Street illustrates this (see 
following page). 

ios FERS EES Fatah aya 

Commentary: 


We believe the first sentence should contain the phrase "Cost of 
telephone interconnect. " 


Response: 


So changed. 
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TABLE E 
26TH STREET NORTHBOUND 


32nd Bist 30th 29th Aastha! 2/th 26th 25th 
Street Street Street Street Street Street Street Street 


6th Ave.N. 0 oy sO ZU Tica 0 Wes 
X X Xx 

4th Ave.N. ZU 0 Poe Soa ay 0 12.0 

3rd Ave.N. ations coke Le Le 0 Sif be Arya 

2nd Ave.N. Ag) SW hous. 0 aes: 251.0 CW hes) 

lst Ave.N. Sho 22 0 Sd oe Zon De 0 

Montana 0 EZ eel, | cM ieee) 0 WARY 

Minnesota | 

lst Ave. S. Sh gst Unfdeds) {BARES 


The only breaks in progression "X" in the one-way 26th system are caused 


by the absence of Sth Avenue and 6th Avenue being westbound rather than 


eastbound. 
25TH STREET NORTHBOUND 

s2nds notst 20th yorGth, MSthsaf2fvth Z6thhe 25th 

Street. Street: Street .Street Street. Street» Street Street 
6th Ave.N. Jie Seco es Claw 0 37.9 

X X X 

4th Ave. N. 20.0 0 LT ASI RW ASS) 0 12.0 
3rd Ave. N. CEs WAS IT Se a tea 0 SW ih areal) 
2nd Ave. N. od te 0 2 oe 5) ee 2 
lst Ave. N. 3739 Jere 0 “Whee” SPAS Ia 0 
Montana 0 LAhoee Zoro. 5 0 Waele 


With 25th northbound rather than southbound, three additional breaks in 
progression are added. The break between lst and Montana actually 


facilitates movement from Montana to 25th. 
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Page 47 
Commentary: 


At top of page, 2nd and 3rd boxes under "Critical Phasing and Critical 
Lane Volumes" the traffic volumes are reversed for the movements 
within the box. Central and 6th Street West approach from east 170 
vph in north lane must be through and right. 


Response: 


We concur, 


Page 49, 6th Street West and Central Avenue 
Commentary: 


(a) We do not think the merge of the westbound and north to west 
traffic on the same phase is good. 


(b) How does Central Avenue traffic from the east wanting to go 
south get through? 


Response: 


(a) The comment is well taken. Figure 16 is a schematic drawing. 
The merge of four lanes into two is not desirable if it occurs 
all at one point. Westbound Central Avenue traffic should be 
merged into a single lane prior to the merge with traffic from 
the south. The drawing has been modified to emphasize this. 
The volume in the merging lanes totals about 500 vehicles per 
hour which is not a problem volume. As a safety factor, the 
westbound Central Avenue traffic could be controlled by a 
yield or stop sign as even the projected 1990 volume (260+) 
with a random arrival factor of two could be stored between 
the 6th Street West intersection and the merge point. 


(b) Arrows on Figure 16 attached show this movement. 
Pages missing following Table G. 


Response: 


The pages following Table G relfect those additional comments 
noted under colume "K", None are missing, 
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Figure 17, ZB 


Commentary: 

Should show westbound from 6th Avenue North to Division Street 
traffic stopped during @. 

Response; 


We concur and have corrected same, 
Figure 18 


Commentary: 


(a) Special signal head arrow indication 1 and 2 and 3 and 4 are 
transposed. 


(b) There should be double indication including a mast arm for 
westbound on Grand and onto Division. 

Response: 

(a) We concur and have corrected same, 


(b) We concur and have corrected same. 
Figure 19 


Commentary: 


(a) Westbound on 6th Avenue should have double indication including 
mast arm for movement onto Grand and onto Division. 


(b) Free right turn onto Division from Grand should be stopped during 
ZA, if the movement is appreciable. 


Response: 


(a) So changed. 


(b) Concur - present volume 10 vehicles per hour. 


Figure 22 
Commentary: 


(a) We question @B merging of westbound Poly Drive traffic and 
westbound Grandview Blvd. traffic. 
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(b) Left turns on Poly Drive from east to south would be in direct 
conflict with Grandview Blvd. and Poly Drive traffic. 


(c) We would recommend that there be a mast arm and side of pole 
mounting on the far right side of the first intersection of each 
approach, 


Response: 


(a) Merging the 320 vph from Grandview Boulevard into a single lane 
should not present a problem. If it does, the south lane of Poly 
Drive could be channeled into the north lane (total combined 
volume 320 vph) and Grandview traffic brought in as an add lane. 


(b) Left turns from Poly westbound to southbound are in conflict 
with Grandview traffic, however, they are entering a separate 
intersection controlled by typical far side signal indications. 


(c) We concur. 


fore rage 78, (12) 


Commentary: 


A 2-dial system with 2 split and 3 offsets per dial will be installed 
on the F9999(10) project for the primary road system in the CBD. 


Response: 


We do not differ here. A note has been added. 
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